).
size and for some isolates these two fragments co-migrated. A comparison of the profiles obtained following digestion with HindIII, BstI and EcoRI (Fig. 2) demonstrated differences between at least 12 of the isolates; ArGV 6, 7 and 8 gave indistinguishable profiles with these enzymes and ArGV 13 and t4 differed only in their submolar bands (e.g. the largest BstI fragment is submolar but there is a higher proportion in ArGV 14 than 13), indicating that they contained the same major variant but probably differed in the proportion of minor variants present. All other isolates could be distinguished by at least one of the enzymes and some showed a number of differences with all three of these enzymes.
Similarities and differences between the profiles indicated that there were clearly defined subtypes of ArGV. For instance, H&dIII profiles of ArGV 10 to 15 were virtually indistinguishable and those of ArGV 6 and 9 were very similar to these six; ArGV 6 had an additional H&dIII site in the largest fragment and ArGV 9 showed slight size differences in two of the fragments. On the other hand, HindIII profiles of the other isolates had less than half of their fragments co-migrating with those of ArGV 6 to 15. ArGV 1 to 4, however, also showed their own distinct pattern of fragments with only minor variation within this group. It appeared therefore that isolates could be subtyped into three distinct groupings: subtype A, ArGV 1 to 4; subtype B, ArGV 5; and subtype C, ArGV 6 to 15. Examination of the EcoRI and BstI restriction profiles clearly supports this grouping. All isolates lacked any ApaI sites and contained a single Sinai site, two BglI sites and one or two PstI sites. These are shown most clearly in double digests with XhoI and Fig. 3 shows profiles obtained with one isolate from each subtype. Double digests with ApaI and XhoI or EcoRI gave profiles identical to single digests with the second enzyme (results not shown). The SmaI site occurred on the XhoI-B fragment in all the variants. One PstI site occurred on the XhoI-C fragment in all isolates and subtype A isolates contained a second PstI site on the XhoI-A fragment. BglI sites occurred on the XhoI-A and -B fragments; the smallest double digest fragment co-migrated with the XhoI-E fragment from ArGV 1 and 11. The small number of sites for these enzymes is unusual since, although many baculovirus DNAs have been analysed using a wide range of enzymes, no profiles have been published demonstrating unique sites or a complete lack of sites for any enzyme. Although this is unusual, it is presumably partly a consequence of the low GC content of these DNAs and the high GC content in the recognition sequence of these enzymes (Sinai, ApaI and BglI, 100~; PstI, 67~). Nevertheless, these low frequency sites could be useful in facilitating genetic manipulation of these large genomes and also in allowing the production of mutations at specific sites on the molecule.
Profiles from a number of isolates contained submolar bands, indicating that more than one genotypic variant was present in the samples. In some of these cases, different variants have been obtained from a single isolate by infecting neonate A. rapae with limiting dilutions of virus (approx. 0.1 capsules/larva) such that only about 5 ~ of larvae became infected. Under these conditions it is very likely that infected larvae receive only a single infectious virus particle and therefore the progeny virus is a clone of a single variant. Previous results (Crook, 1981) had shown that BstI digests of ArGV 1 (PbGV) contained a submolar band. This band was not present in clones of virus obtained from ArGV 1. Although no clone was obtained from ArGV 1 containing the submolar band, ArGV 2 does contain a BstI fragment of this size and is otherwise very similar to ArGV 1 (there are very small size changes in two EcoRI fragments). It is therefore likely that ArGV 2 is the same genotype that is the minor component in isolate 1. The relatedness of the ArGV isolates as indicated by the restriction profiles of their D N A correlates closely with their geographical origins. All the Chinese isolates are very similar whilst the other subtype C isolates come from Taiwan and Queensland. The single North American isolate is not closely related to any other isolate and is in subtype B on its own. Three of the four subtype A isolates were found in England whilst the fourth was from New Zealand. The New Zealand virus appears to have been isolated prior to ArGV being sent from England (Kelsey, 1958) but since A. rapae was introduced into New Zealand from Britain, it is likely that virus was introduced by the same route. A. rapae is also an introduced species in Australia and America. The Australian virus appears to have come from Asia but there is no indication from these results of the origin of the Canadian isolate. Possibly it is an endemic strain from native species of Pieridae. The fact that all the isolates of ArGV that have been obtained from different locations are distinct, indicates that there are probably many more different variants since A. rapae occurs in many areas from which no isolates have been obtained.
The virus isolates were bioassayed in third instar larvae of both A. rapae and P. brassicae. Preliminary data indicated that all the isolates were highly infectious for A. rapae. Five isolates (ArGV 1, 4, 5, 9 and 11) representing all the subtypes were accurately assayed using five doses of virus at 0.5 log intervals and infecting 50 larvae with each dose. There were no significant differences between the LDs0 values obtained for these isolates which were all in the range of 102.3 to 102.6 capsules.
Previous results (Payne et al., 1981) had shown that ArGV 1 was moderately infectious for P. brassicae with an LDs0 value for third instar larvae of 105"8. An assay of the closely related ArGV 2 showed that this was similarly infectious with an LDs0 value of 105'9. In both these cases the EcoRI restriction enzyme profile of the progeny virus was identical to that of the inoculum virus. It was extremely difficult to cause infection of third instar P. brassicae larvae with any of the other isolates. Ability to cause infection was measured by feeding groups of 50 third instar larvae the massive dose of 109 capsules/larva. Ten of the isolates failed to cause any deaths even at this dosage. The other three isolates, ArGV 5, 11 and 14, caused a few deaths (~< 10~) but the amount of progeny virus was insufficient to check its identity by restriction enzyme analysis.
There is therefore a major difference in the host range of ArGV 1 and 2 compared to all the other isolates. This difference is not reflected in the restriction profiles of the isolates. ArGV 3 and 4 are genetically more closely related to ArGV 1 and 2 than they are to ArGV 5 to 15 yet ArGV 3 and 4 caused no deaths in third instar P. brassicae and in this respect are more similar to ArGV subtypes B and C. Thus, a considerable amount of variation occurs within the ArGV genome, as shown in isolates 3 to 15, without causing any significant change in its virulence for A. rapae or avirulence for P. brassicae. Yet the relatively minor changes between ArGV 1 and 2, on the one hand, and ArGV 3 and 4, on the other, cause a major change (> 104-fold) in virulence for P. brassicae although not affecting the virulence for A. rapae.
Although a number of variants have been identified for other baculoviruses such as Autographa californica MNPV (Smith & Summers, 1979) , Mamestra brassicae MNPV (Vlak & Gr6ner, 1980; Wiegers & Vlak, 1984) , Lacanobia oleracea GV (Crook et al., 1982) , Heliothis SNPV and MNPV (Gettig & McCarthy, 1982; Williams & Payne, 1984) , Spodopterafrugiperda MNPV (Maruniak et al., 1984) and Cydia pomonelta GV (Crook et al., 1985) and small differences in the infectivities of different isolates have been found (Williams & Payne, 1984) , there are no reports of very large changes in the infectivity for a host insect especially where the infectivity for another host remains unchanged. The ArGV isolates therefore provide a unique system for studying the effect of genotypic differences on virulence and host range.
